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nvasive ventilatory support, one of the most

frequently applied strategies in intensive

care unit (ICU) patients, is increasingly
recognised as a potentially dangerous inter-
vention. Recognition of so—called ventilator—
induced lung injury and the broad acceptance
of lung—protective ventilation strategies in
ICUs worldwide led to noticeable changes
in ventilatory management (Putensen et al.
2009; Briel et al. 2010): low tidal volumes
and higher levels of positive end—expiratory
pressure (PEEP), respectively, to prevent
overdistension and repeatedly opening and
closing, are increasingly used in patients with
acute respiratory distress syndrome (ARDS)
(Checkley et al. 2008; Sutherasan et al. 2014;
Esteban et al. 2013; Bellani et al. 2016). A
high driving pressure level was recently

Towards Safer Ventilation
in Critically Ill Patients

Without ARDS

documented as another potentially modifiable
factor in ventilator—induced lung injury in
one meta-analysis (Amato et al. 2015) and
one large observational study (Bellani et al.
2016; Laffey et al. 2016) of ARDS patients.
However, it remains uncertain what is the
best way to lower the driving pressure level
and also whether a strategy aiming at a lower
driving pressure truly affects outcome.
While it is likely that these protective, or
potentially protective strategies also benefit
patients without ARDS (Serpa Neto et al.
2014a; 2015a; 2014b), changes in ventila-
tory support in these patients have been less
impressive, and ventilator settings known to
cause ventilator-induced lung injury in ARDS
patients continue to be used in patients without
ARDS (Azevedo et al. 2013; Lellouche et al.
2012).This is possibly due to the lack of robust
and convincing randomised controlled trial
(RCT) evidence for benefit of lung—protec-
tive ventilation strategies in patients without
ARDS. We discuss the available evidence for
benefit of protective ventilation strategies
in patients without ARDS, including the use
of low tidal volumes, higher levels of PEEP
and lower driving pressure levels (Table 1).

Low Tidal Volumes

Evidence for benefit in patients without
ARDS

Results of two RCTs suggest benefit from tidal
volume reductions in critically ill patients
without ARDS (Lee et al. 1990; Determann
etal. 2010). One North American group of
investigators studied the safety of tidal volume
reduction from 12 to 6 ml/kg predicted body
weight (PBW) in a cohort of ICU patients
without ARDS (Lee et al. 1990).They found
tidal volume reduction to be associated with

a lower number of pulmonary complica-
tions and less time spent on the ventilator.
A group of investigators in the Netherlands
compared ventilation using tidal volumes
of 10 ml/kg PBW with one using 6 ml/kg
PBW (Determann et al. 2010). They found
tidal volume reduction to be associated
with less progression to ARDS. Time spent
on the ventilator, however, was not different
in this RCT.

Three meta-analyses including several
observational studies as well as the two
aforementioned RCTs (Serpa Neto etal. 2012;
2014a; 2015a) suggest tidal volume reduc-
tion to reduce time spent on the ventilator,
duration of stay in the ICU and hospital, and
also to prevent progression to ARDS.

Arguments against low tidal volumes in
patients without ARDS

Several arguments against tidal volume reduc-
tion in patients without ARDS have been
suggested. The compensatory higher respiratory
rates needed with use of low tidal volumes
could cause discomfort that potentially
increases sedation needs (Ferguson 2012),
risks of muscle weakness (Lipshutz and Grop-
per 2013), patient—ventilator asynchronies
(Kallet et al. 2006; Kallet et al. 2001a) and
atelectasis (Kallet et al. 2001b). Whether
these assumed disadvantages of tidal volume
reduction blunt the beneficial effects of
prevention of overstretching of lung tissue
seems unlikely, especially when considering
that a tidal volume size of ~ 6 ml/kg PBW
is seen as normal, and also most efficient
in healthy mammals (Tenney & Remmers
1963). Certainly, critically ill invasively
ventilated patients could never be seen as
healthy individuals, but if one considers
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these patients may develop atelectases we

may even want to reduce tidal volume even
below what we call normal.

Current Practice

Recent observational studies suggest that
tidal volumes in patients without ARDS are
often high, and at least higher than what is
presumed safe for patients with ARDS (Linko
et al. 2009; Chang et al. 2013; Elmer et al.
2013; Serpa Neto et al. 2016a). Interestingly,
tidal volumes are also frequently higher than
what ICU physicians say they prefer (Rose
et al. 2014). Whereas the small decrease in
tidal volumes over the last decade seems
promising (Esteban et al. 2013; Serpa Neto
etal. 2016a), still more than 30% of patients
receive ventilatory support with tidal volumes
>8 ml/kg PBW (Serpa Neto et al. 2016a).

PEEP in Patients Without ARDS
Evidence for Benefit

The results of four RCTs suggest benefit
from higher levels of PEEP in critically ill
patients without ARDS (Ma et al. 2014;
Schmidt et al. 1976; Weigelt et al. 1979;
Manzano et al. 2008). One Chinese group
of investigators compared a strategy using
PEEP between 11 and 30cm H,0 with one
using PEEP between 3 and 10 cm H,0 (Ma
et al. 2014). They found a higher level of
PEEP to be associated with a larger number
of patients that survived till day 28. Another
team of investigators compared PEEP of 8
cm H,0 with PEEP of 0cm H,O (Schmidt
et al. 1976). They found a higher level of
PEEP to be associated with less progression
to ARDS. The same results came from a RCT
by a North American group of investigators
comparing PEEP of 5cm H,O with PEEP of
Ocm H,0O (Weigelt et al. 1979). Lastly, one
Spanish RCT comparing PEEP of 5 to 8cm
H,O with PEEP of 0cm H,O showed a lower
incidence of ventilator—associated pneumonia
in patients ventilated with higher levels of
PEEP (Manzano et al. 2008).

One recently published meta-analysis
that used data from all 21 investigations of
PEEP in ICU patients without ARDS (Pepe et
al. 1984; Nelson et al. 1987; Michalopoulos
et al. 1998; Lago Borges et al. 2014; Carroll
et al. 1988; Celebi et al. 2007; Borges et
al. 2012; Borges et al. 2013; Holland et al.

2007; Dyhr et al. 2002; Marvel et al. 1986;
Murphy et al. 1983; Zurick et al. 1982; Good
et al. 1979;Vigil & Clevenger 1996; Cujec
et al. 1993; Feeley et al. 1975), including
the four positive RCTs mentioned above,
however, suggests no benefit from using
higher levels of PEEP regarding important
clinical outcomes like mortality, duration
of ventilation, and development of ARDS or
pneumonia (Serpa Neto et al. 2016b). Of
note, quality of the meta-analysed studies
was at times low to very low, and there was
substantial heterogeneity amongst the meta-
analysed studies.

d d Clear need for
robust evidence from
well-powered RCTs PP

In the absence of high quality RCTs in
ICU patients we may want to consider the
results of RCTs comparing different levels of
PEEP during intraoperative ventilation. The
results of three well-performed RCTs suggest
benefit from higher levels of PEEP in surgery
patients without ARDS (Futier et al. 2013;
Severgnini et al. 2013; Ge et al. 2013). Of
note, these three RCTs all compared bundles
of ventilation, i.e., a combination of low tidal
volumes plus a higher level of PEEP vs. a
combination of high tidal volumes plus lower
levels of PEEP, which makes it difficult if not
impossible to determine the individual effect
of the higher levels of PEEP in these patients.
A large RCT comparing high levels of PEEP
with low levels of PEEP with similar tidal
volumes during intraoperative ventilation,
though, found no benefit of higher levels of
PEEP regarding development of postoperative
pulmonary complications (PROVE Network
Investigators for the Clinical Trial Network
of the European Society of Anaesthesiology
etal. 2014). In addition a recent individual
patient data meta-analysis using data from
these four RCTs of intraoperative ventilation
found a clear association between improved
outcome and the intraoperative use of low
tidal volumes, and not the use of higher levels
of PEEP (Serpa Neto et al. 2015b).

Arguments Against Use of Higher Levels
of PEEP

Two frequently mentioned arguments against
the use of higher levels of PEEP in ICU patients
without ARDS include the impact on the
haemodynamic system (PROVE Network
Investigators for the Clinical Trial Network
of the European Society of Anaesthesiology
et al. 2014), and the risk of overdistension
(Serpa Neto et al. 2016c¢). Similar to other
interventions, it could be that the beneficial
effects of PEEP are not linear to its level, but
rather U—shaped (Li et al. 2015; Gurudatt
2012; Bellamy 2006).The best level of PEEP
then must be somewhere in between a (too)
low and a (too) high level of PEEP. Indeed, a
too low level of PEEP may fail to recruit suffi-
cient amounts of collapsed lung tissue while
increasing the afterload of the right ventricle
of the heart. A too high level of PEEP may be
able to recruit large amounts of collapsed
lung tissue but also cause overdistension of
nondependent lung tissue. Likely, the presence
and severity of ARDS influences the shape of
this hypothetical curve, which may at least in
part explain why higher levels of PEEP have
been found to be beneficial only in patients
with moderate and severe ARDS, while not
resulting in better outcomes in patients with
mild ARDS (Briel et al. 2010) and patients
without ARDS (Serpa Neto et al. 2016b).

Current Practice

A large worldwide observational international
study showed that the average PEEP level used
in patients without ARDS is low, with more
than 50% of patients on PEEP <5cm H,O
(Serpa Neto et al. 2016a). In these patients
the level of PEEP did not change much over
recent years (Esteban et al. 2013; Serpa Neto
et al. 2016a), although there are regional
differences in use of PEEP. For instance, in the
Netherlands, PEEP levels in patients without
ARDS were found to be surprisingly higher
compared to levels in neighbouring European
countries in one large observational study
(van Jzendoorn et al. 2014).

Driving Pressure in Patients Without
ARDS

Evidence for Benefit

There is very little direct clinical evidence for
beneficial effects of lower driving pressure
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Table 1. Positive RCTs comparing different sizes of tidal volumes and different levels of PEEP, and running and planned RCTs comparing different sizes of tidal volumes and
different levels of PEEP

Study Year of Country Type of Detailed results
publication patients
Tidal volume Low High
tidal volume tidal volume
strategy strategy
Leeetal. 1990 North Patients 6 ml/kg PBW 12 ml/kg Lower incidence of pulmonary
America without PBW complications and less time
ARDS spent on the ventilator in the
low tidal volume arm
Determann et al. 2010 The Patients 6 ml/kg PBW 10 ml/kg Less progression to ARDS in
Netherlands = without PBW the low tidal volume arm
ARDS
PReVENT trial Recruiting The Patients 4to 6 ml/kg 8to 10 ml/kg Primary endpoint: ventilator-
(AMC-UVA) Netherlands  without PBW PBW free days and alive at day 28
ARDS
EPALI trial Recruiting Spain Patients at < 6 ml/kg > 8 ml/kg Primary endpoint: progres-
(Corporacion Parc Tauli) risk of ARDS = PBW PBW sion to ARDS
PReVENT-IMIC trial Planned Asian-Pacific Patients Primary endpoint: ventilator-
(MORU]) countries without free days and alive at day 28
ARDS
PEEP High PEEP Low PEEP
strategy strategy
Schmidt et al. 1976 North- Patients at 8cmH,0 0cmH,0 Lower incidence of ARDS and
America risk of ARDS other pulmonary complica-
after surgery tions in the high PEEP arm
Weigelt et al. 1979 North- Patients at 5cmH,0 0cmH,0 Lower incidence of ARDS in
America risk of ARDS the high PEEP arm
Manzano et al. 2008 Spain Patients 5to8cm 0cmH,0 Lower incidence of VAP and
with a P/F H,0 less hypoxaemia in the high
> 250 PEEP arm
Ma et al. 2014 China Patients with 11to 30 cm 3to 10 cm Lower 28-day mortality in the
NPE H,0 H,0 high PEEP arm
‘RELAX trial (AMC-UvA]  Planned The Patients 8cmH,0 Lowest level | Primary endpoint: ventilator-
Netherlands | without possible free days and alive at day 28
ARDS

AMC-UvA Academisch Medisch Centrum - Universiteit van Amsterdam ARDS acute respiratory distress syndrome EPALI Preventive Strategies in Acute Respiratory Distress Syndrome MORU Mahidol
Oxford Research Unit, Bangkok, Thailand NPE neurological pulmonary oedema P/F Pa0, to Fi0, ratio PBW predicted body weight PEEP positive end-expiratory pressure PReVENT Protective VENTila-
tion in patients without ARDS PReVENT-IMIC PRotective VENTilation In Middle and low Income Countries RELAx Restricted versus Liberal positive end-expiratory pressure in patients without ARDS RCT

randomised controlled trial VAP ventilator-associated pneumonia

levels, as there have been no RCTs that tested
a ventilation strategy that aimed for lower
driving pressure levels, neither in ARDS
patients, nor in ICU patients without ARDS.
One recent observational study in critically ill
patients found lower driving pressures to be
associated with lower mortality rates (Serpa
Neto et al. 2016a).

In the absence of RCTs in ICU patients we
may want to consider the results of a recently
published individual patient data meta-analysis
including RCTs comparing different ventilation
strategies during intraoperative ventilation
(Serpa Neto et al. 2016).This meta-analysis
suggests, firstly, that the driving pressure level
per se seems to be associated with occurrence

of postoperative pulmonary complications, and
secondly that changes in the level of PEEP that
resulted in a rise of the driving pressure level
are associated with an increased occurrence
of postoperative pulmonary complications.
One plausible explanation could be that the
rise of the driving pressure level is caused
by overdistension induced by higher levels
of PEEP, which may result in postoperative
pulmonary complications, but this hypothesis
remains to be tested in RCTs.

Arguments Against Low Driving Pressures
All studies performed so far comprise subanaly-
ses of protective ventilation strategies using a
certain level of PEEP with low tidal volumes.

The balance between disadvantages and
advantages of strategies specifically aiming at
lower driving pressure levels remains uncer-
tain. It is even more uncertain if a strategy
aiming at a lower driving pressure is feasible,
i.e., really reduces the driving pressure level
below a certain level at which we consider
the driving pressure level to be safe. Actu-
ally, we do not have a clue what we can call
a safe driving pressure level. One additional
problem is that patients without ARDS are
more often receiving supported modes rather
than mandatory modes of ventilation. This is
where we encounter another hurdle: how to
measure the driving pressure adequately in
those patients?
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Current Practice

A recently published large worldwide observa-
tional study shows the driving pressure level in
patients without ARDS to vary between 9 and
13cm H,O (Serpa Neto et al. 2016a). Other
studies are highly needed to confirm this
finding, and of course RCTs that test whether
a ventilation strategy aiming for lower driving
pressure levels really improves outcome of
patients without ARDS.

Future Directions

There is a clear need for robust evidence from
well-powered RCTs for use of low tidal volumes,
PEEP and strategies that aim at low driving pres-
sure levels in critically ill patients without ARDS.
At present, two European multicentre RCTs,
the Protective Ventilation in Patients without
ARDS at Start of Ventilation (PReVENT) trial
(AMC-UvA n.d.), and the Preventive Strate-
gies in Acute Respiratory Distress Syndrome
(EPALI) trial (Corporacion Parc Tauli n.d.)
are investigating the impact of tidal volume

reduction on outcome of ICU patients without
ARDS. PReVENT is a Dutch multicentre RCT
comparing low tidal volumes (4 to 6ml/kg
PBW) with conventional tidal volumes (8 to
10ml/kg PBW) but a maximum plateau pres-
sure of 25 cm H,0 (AMC-UvA n.d.). EPALI
is a Spanish multicentre RCT comparing low
tidal volumes (=éml/kg PBW) to conventional
tidal volumes (8ml/kg PBW) in patients at risk
for ARDS (Corporacion Parc Tauli n.d.). The
primary endpoints of PReVENT and EPALI are
the number of ventilator—free days and alive at
day 28, and development of ARDS respectively.
We ourselves have also initiated a multicentre
RCT comparing low to high tidal volumes in
Asian countries, the Protective Ventilation in
Patients without ARDS at Start of Ventilation
in Middle Income Countries (PReVENT-IMIC)
(MORU, n.d.), using the same endpoint as
in PReVENT. The REstricted versus Liberal
positive end—expiratory pressure in patients
without ARDS (RELAx) trial, a multicentre
RCT comparing a standard level of PEEP of

8cm H,O with the lowest possible level of PEEP
in ICU patients without ARDS, is planned to
start in the Netherlands in 2017.To the best
of our knowledge no other RCTs that compare

ventilation strategies aiming at different driving
pressure levels in ICU patients without ARDS
are presently planned.
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AMC-UvA Academisch Medisch Centrum

ARDS acute respiratory distress syndrome

MORU Mahidol Oxford Research Unit, Bangkok, Thailand
PBW predicted body weight

PEEP positive end-expiratory pressure

RCT randomised controlled trial
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